Iveson, J. M. I., Thadani, U., Ionescu, M., and Wright, V. (1975.) Annals of the Rheumatic Diseases, 34, 312-320. Aortic valve incompetence and replacement in rheumatoid arthritis. Five cases of aortic incompetence and nodular seropositive rheumatoid arthritis are presented. Four cases underwent aortic valve replacement. Two of these had granulomatous involvement of the aortic cusps similar to subcutaneous rheumatoid nodules, and another showed a nonspecific fibrosis. One case had definite coincidental rheumatic aortic and mitral heart disease. Two patients had undergone pericardectomy previously for constrictive pericarditis. Good results were obtained in all four operated cases and cardiac surgery enabled continuation of rehabilitation for the rheumatoid arthritis, including major orthopaedic procedures.
The concept of rheumatoid heart disease has received only gradual acceptance, but statistical analysis strongly indicates its existence (Khan and Spodick, 1972) . Clinically there are no diagnostic criteria and the pathological changes are often nonspecific, but occasionally, as in the original descriptions by Rosenberg (1941, 1944 ), a specific diagnosis is possible because of the presence of rheumatoid granulomata, microscopically indistinguishable from subcutaneous nodules, within the heart itself. These may lie in the pericardium, myocardium, endocardium, or the valves themselves.
Rheumatoid nodules within the aortic valve were described in the original post-mortem reports of rheumatoid granulomata in cardiac structures Rosenberg, 1941, 1944) , and since then there have been occasional reports of this involvement, in some of which signs of aortic incompetence were present. The valve lesion has often been mild and haemodynamically insignificant (Weintraub and Zvaifier, 1963; Bulkley and Roberts, 1973) and the impression is given that rheumatoid heart disease is a rare cause of severe aortic incompetence. There is only one detailed report in the literature of aortic valve replacement for rheumatoid granulomatous disease (Barker, 1971) Cosh (1972) mentions the use of cardiac surgery in rheumatoid valvular disease, and it has been considered in individual cases (Legier, 1966 areas of fibrinoid necrosis were fringed by histiocytes (a few of which were foamy) which were forming into illdefined pallisades (Fig. 1 ). The connective tissue showed patchy lymphoid infiltration around the vessels. In Case 2 the valve was thickened by fibrous tissue which in some areas had become amorphous or occasionally calcified (Fig. 2) . These areas were surrounded by pallisaded histiocytes and chronic inflammatory cells. These changes were found in the valve cusps towards the aortic ring and not in the aorta itself (Fig. 3) . The aortic valve from Case 3 was not sent for histology and that of Case 4 was nonspecific, although consistent with chronic rheumatic valvulitis. The histology in Case 5 was again nonspecific with fibrosis, a smaU area of calcification, and a slight increase of vascularity with diffuse perivascular infiltration by lymphocytes. There were no rheumatoid granulomata, nor were Aschoff bodies seen in either of these two cases. In no case was there any histological evidence of the aortitis of ankylosing spondylitis, or of other causes of aortic valve incompetence.
FOLLOW-UP
The period offollow-up since operation has varied between 1 and 61 years (mean 3-5 years). The results have been good both subjectively and objectively, with relief of cardiac symptomatology in all four cases. The cardiac signs have completely disappeared in two of these. The mitral pansystolic murmurs noted in all four operated cases preoperatively were heard in only one (Case 3) postoperatively. Preoperative mitral diastolic murmurs in Cases 1, 2, and 4 have not been heard postoperatively, although Case 2 has a mild aortic leak 1 year postoperatively. Cardiac drugs were withdrawn in three of the four ..
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-.: . Bywaters (1950) , in classifying cardiac lesions found in association with rheumatoid arthritis, first gave prominence to rheumatoid heart disease, as distinct from rheumatoid arthritis with coexistent rheumatic heart disease. He recorded a case of granulomatous aortic valve disease which had coexistent fibrinous pericarditis, and noted reports in the literature of other cases with rheumatoid granulomata within the heart, but not the aortic valve. Since then it has become customary to recognize two forms: (1) a granulomatous one in which rheumatoid granulomata may be seen in any cardiac structure; and (2) lesions with a nonspecific histology such as pericarditis, but also including patchy valvular fibrosis, myocarditis, and endocarditis (Hollingsworth, 1968) . Less than half of the lesions found at autopsy are associated with clinical manifestations (Lebowitz, 1966) . This discrepancy is well illustrated by rheumatoid pericarditis, the prevalence of which is as high as 30-40% at autopsy (Sokoloff, 1953; Cathcart and Spodick, 1962;  Lebowitz, 1963) but which is apparent clinically in only 10% of hospitalized patients, even when searched for diligently (Kirk and Cosh, 1969) .
Often the heart disease is overshadowed by the severe generalized rheumatoid process (Weintraub and Zvaifler, 1963) which so restricts the patient's activity that exertional symptoms do not arise (Hart, 1969; Barker, 1971) . These factors, together with the frequent mildness of cardiac lesions which are only occasionally haemodynamically significant (Weintraub and Zvaifler, 1963) have suggested to some authors that the cardiac lesions of rheumatoid arthritis are an academic curiosity rather than a clinical problem (Downie and Buchanan, 1969) . Bonfiglio and Atwater (1969) felt that the cardiac lesions may not be as benign as their reputation suggests, having found cardiac granulomata in 2 of 47 autopsied patients whom they reviewed, and this agrees with the 1-3 % figure quoted by Sokoloff (1953) . Barker (1971) was the first to report finding rheumatoid granulomata in the aortic valve removed at cardiac surgery for gross aortic incompetence. She found at least 64 patients previously reported with cardiac granulomata.
In reviewing the literature since 1941, we have found 18 reports of 22 cases in which aortic cusps and valve ring have been involved by definite rheumatoid granulomata Rosenberg, 1941, 1944; Bywaters, 1950; Bevans, Nadell, Demartini, and Ragan, 1954; Ellman, Cudkowicz and Elwood, 1954; Maher, 1954; Skogrand, 1956; Cruikshank, 1958; Goehrs, Baggenstoss and Slocumb, 1960; Lassiter and Tassy, 1965, Legier, 1966; Schwartz, 1967; Carpenter, Golden, and Roberts, 1967 Roberts and others (1968) , who noted the similarity of this frequency to that in rheumatic disease.
The aortic valve may be involved alone, but more frequently the mitral and aortic valves are involved together (14 of 22 cases). Occasionally the mitral alone (Schoene and Risse, 1964) or all four valves have been involved (Bevans and others, 1954; Ellman and others, 1954; Carpenter and others, 1967; Roberts and others, 1968) . The valvular lesions were frequently associated with both granulomatous involvement of other cardiac structures, such as the myocardium, endocardium, and pericardium, and nonspecific lesions. Some reports do not specify the site of the granulomata (Clark and Bauer, 1948; Graef, Hickey, and Altmann, 1949; Levin, Kaplan, Marcus, Weinberger, and Patterson, 1955; Bonfiglio and Atwater, 1969) .
Gross examination of the involved valves has generally shown the nonspecific changes of stiffening, thickening, opacification, and shrinkage of the cusps with varying degrees of distortion. Although rheumatoid nodules may be visible macroscopically in the valve or annulus as in 5 (22-7 %) of the 22 cases, a careful microscopical search is usually necessary if the granulomatous process is not to be missed (Bevans and others, 1954; Lebowitz, 1963; Barker, 1971) . It has been said (Lebowitz, 1963) that no valves grossly resembling healed rheumatic endocarditis in patients with rheumatoid arthritis should be labelled as such until after careful microscopical examination. The gross appearances of the aortic valves in the four nonrheumatic cases presented here confirm this opinion. Although the histology in two was nonspecific, it revealed a granulomatous valvulitis in two. Occasionally the valves may be macroscopically normal and microscopically involved, as in the two cases described by Bevans and others (1954 Complete heart block was seen in two of the 22 cases and 2:1 heart block with Stokes-Adams attacks in another. In all three there was associated granulomatous involvement of the mitral valve, and in two of the conducting tissue also. The varying degrees of heart block that may be seen in rheumatoid heart disease are usually due to granulomata involving the endocardium and myocardium around the conducting tissue and are not secondary to an associated aortic abnormality as is usually found in ankylosing spondylitis. In none of our cases was there any evidence of a conduction defect.
In this discussion we have confined our attention to rheumatoid nodules that lie in the valve leaflet or ring, but they have also been seen in the aortic root (Sinclair and Cruikshank, 1956; Cruikshank, 1958; Schoene and Risse, 1964) , where they are usually solitary but may be accompanied by involvement of the valve leaflet (Sinclair and Cruikshank, 1956) . Granulomatous involvement of the wall of the ascending aorta and the aortic valve may occur together (ElIman and others, 1954; Roberts and others, 1968 ) and a granulomatous aortitis (Weintraub and Zvaifler, 1963) has been recorded. An association of rheumatoid arthritis with aortic aneurysm has been suggested (Weinberger and Sacks, 1967) and calcific aortic stenosis is said to be more frequent (Lebowitz, 1963 There are, however, some notable exceptions when the joint disease has been either minimal (Lefkowits and others, 1968) or even unsuspected during life (Legier, 1966) . This presentation of the valvular involvement before the joint disease has developed to any degree has also been noted in ankylosing spondylitis (Bulkley and Roberts, 1973) . One of our patients (Case 5) had only mild joint disease, although seropositive and nodular; and Barker's (1971) case, who also underwent cardiac surgery, had moderate disease. The mean age of the 22 patients was 57 6 years (range 45-72) at the time of death and the sex distribution was male: female 1:2. Duration of joint disease has varied from 4 to 30 years with a mean of 13 years. In comparison, two of our cases were less than 30 at the time of operation and Case 5 was aged 44 at the time of his death in congestive failure. The mean disease duration in our five cases was 9 years. Weintraub and Zvaifler (1963) drew attention to a clinical association between rheumatoid arthritis and aortic incompetence which they considered might be more common than had previously been thought, reporting five cases of this combination seen within an 18-month period in patients with severe, markedly seropositive nodular rheumatoid arthritis. In only one of these was valvular incompetence haemodynamically significant and of the two who came to autopsy, neither showed any granulomatous valvular change, although one had a granulomatous aortitis and the other a granuloma in the myocardium at the base of the aortic valve. The PR interval was increased in two of the five. Our experience agrees with theirs and suggests that it is probably not as uncommon as has generally been supposed. Our cases have differed, however, in having either granulomatous or fibrotic valvulitis, rather than aortitis, which was haemodynamically significant to the extent of requiring surgical correction-a procedure which gives excellent results. The valvular disorder has not only occurred in severe rheumatoid arthritis but has in two cases occurred with mild to moderate arthritis. It may be found in relatively young patients, and is not always a disease of the elderly. The hazards of delaying surgery in aortic incompetence from any cause are well known and are illustrated by Case 5, who probably had a rheumatoid valvulitis.
Although significant valvular dysfunction in rheumatoid arthritis will usually be the result ofeither coexistent rheumatic heart disease or a nonspecific rheumatoid lesion, the occasional case of granulomatous involvement will be missed if all valves removed surgically and at post mortem are not scrutinized microscopically. This may apply to the mitral as well as the aortic valve. Recent studies by echocardiography suggest that mitral valve dysfunction in rheumatoid arthritis is not uncommon (Bacon and Gibson, 1974) and, as shown above, granulomatous involvement of the mitral valve may be shown at post mortem.
Although granulomatous aortic involvement has not been shown in Cases 3 and 5, we feel that they are probably examples ofrheumatoid aortic valve disease. Case 3 gave no history of rheumatic fever and had a 6-year history of arthritis before developing valve disease. The persistent mitral pansystolic murmur could be explained on the basis of the frequent concurrence of aortic and mitral valve disease in rheumatoid as in rheumatic heart disease. The histology in Case 5 was nonspecific. However, the association with constrictive pericarditis (a recognized complication of rheumatoid arthritis and one which was present together with a granulomatous aortic valve in Case 2) make it probable that this too was rheumatoid in origin, despite the previous history of rheumatic fever. The absence of mitral disease and the detection of the valve lesion two years after the onset ofrheumatoid disease tend to support this view.
The literature suggests that rheumatoid nodules are found more frequently within the valves than in other cardiac structures, and that the relative frequency of involvement of the valves themselves conforms to that described for rheumatic valve disease. That is thought to be related to the gradient across these valves and suggests that there is a predilection for the formation of rheumatoid nodules in those structures most subject to stress. It is unknown if valvular involvement is a primary response or whether the granulomatous process affects a valve which is already the site of abnormal stresses as a result of previous disease, either rheumatic fever or a nonspecific rheumatoid lesion.
Pericardial lesions were found in 13 of the 22 cases (59-1 %) from the literature and in three of the five cases presented here. This frequency is higher than recorded generally and probably reflects the severity of the rheumatoid disease in many of these cases. In nine the changes were mild, consisting of an adherent or fibrinous pericarditis with slight thickening. The pericardium of one contained rheumatoid nodules (Carpenter and others, 1967) and the pericarditis in another had resulted in a small effusion of 100 ml (Maher, 1954) . In three of the 22 (13-6%) the abnormalities were severe. One of the cases of Bevans and others (1954) Mazzoleni, and Rams, 1969; Spangler, McCallister, and McGoon, 1970; Schilder, Harvey, and Hufnagel, 1956 ) and Reiter's disease (Paulus, Pearson, and Pitts, 1972; Cosh, Barritt, and Jayson, 1973) . Of the 11 operated cases of ankylosing spondylitis reported, two had died. Bulkley and Roberts (1973) also record postmortem studies on a further eight cases of ankylosing spondylitis, five of whom had died within 12 months of valve replacement. As a result of the experience gained with our five cases we feel that aortic valve surgery in rheumatoid arthritis, both for a granulomatous and nonspecific rheumatoid valvulitis, is worthy of consideration even when the joint disease is severe. This conclusion is supported by M. W. J. Boyd (personal communication, 1974) . He has seen two patients with rheumatoid arthritis who have responded well to the insertion ofmechanical valves over a period of 11 and 4 months, respectively. Yates and Scott (1975, 
